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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our components and the best
possible service for our customers. We have a three-sided quality strategy: we apply a system
of total quality control and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our customers and suppliers.

PERSONNEL SAFETY

Non-solid electrolytic capacitors may contain chemicals which can be regarded as hazardous if
handled improperly. Caution is necessary if the outer case is fractured or can is punctured;
vapors or dust particles should not be inhaled (proper ventilation is essential); avoid skin, eye or
clothing contact. In case of liquid contact, flush thoroughly with running water promptly, then wash
skin with mild soap and water. Launder clothing before re-use. Discoloration of the wetted skin
caused by electrolyte contact will disappear after a few days. Yellow coloration of the skin by
contact with some electrolytes will disappear within a month.

In the event of a fire, the organic parts of electrolytic capacitors may release such constituents as
Nitrous Oxides and Carbon Monoxide through incomplete combustion.

DISPOSAL

Electrolytic capacitors are subject to special waste disposal regulations. Aluminum electrolytic
capacitors are free from PCB- or PBDE-containing substances. However, because of other
polluting ingredients, large quantities of electrolytic capacitors are subject to special waste
regulations in accordance with applicable local and national laws.

Disposal of electrolytic capacitors must be in accordance with applicable environmental
regulations.
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Modern Electrolytic Capacitor Technology

General Series 3000

The ability of a capacitor to store electrical energy is a
direct function of its mechanical geometry and its chemical
composition. The amount of energy that it can store is
given by the equation:

Q=CVv
where Q = the magnitude of the stored charge
C = the capacitance in farads
V = the applied voltage
But the capacitance is determined by:
. a
C=K d

where a is the directly opposing area of the plates, d is

the distance between them (assumed to be uniform

across the area), and K is the ‘‘dielectric constant”’ of the
material separating them.

Engineers and scientists have been wrestling with these
factors for generations, in the perennial effort to cram more
and more capacitance into less and less space, in conform-
ance with the unending trend of equipment miniaturiza-
tion.

Obviously, increasing the area (a) of the capacitor plates
will increase the capacitance of the device. This would tend
to increase the size, but since only the area, not the
thickness, of the plates is significant (in most applications)
the plates could be made thinner to counteract the in-
crease. Ways were developed to produce ever thinner
metal foils, and eventually to deposit thin metallic films
directly on both sides of a paper ribbon which can then be
rolled up.

Reducing the thickness of the dielectric separator will
also increase the capacitance of the device by reducing the
distance (d) between the plates; this also reduces the size
for a given capacitance, or allows more capacitance to be
installed in a given space. Advancements in the production
of high-quality, homogeneous plastic fims of very thin
gauges have enabled substantial reduction in capacitor
size, combined with worthwhile increase in capacitance
per volume.

Use of dielectric materials having higher dielectric con-
stants will also increase the capacitance of the device,
hopefully with a decrease (or at least no increase) in unit
size. The search for better materials will continue.

Modern Electrolytic Capacitor Technology

One of the major breakthroughs in this field occurred
about 85 years ago: the development of the electrolytic
capacitor, a brillantly ingenious expedient for obtaining
high capacitance in a small space. Essentially, it consisted
of an aluminum-foil ribbon, on the surface of which a thin
film of aluminum oxide has been formed electro-chemically,
and a water-based electrolyte fluid which acts as the
opposing plate. The oxide-coated foil, a second strip of
aluminum foil, and a porous strip of paper interposed
between them were rolled up together, and suspended in
the liquid electrolytic, which penetrated the porous spacer.
The physical relationship is diagrammed in Figure 1.

POROUS SPACER AND
ELECTROLYTE (CATHODE)

524437
’:”ﬂ‘;‘
’I;,:

FOIL CONNECTION
TO CATHODE

OXIDE FILM
DIELECTRIC

Fig. 1. Polarized Electrolytic Capacitor.

The oxide-coated foil is the positive plate (anode), the
aluminum oxide film is the dielectric, and the fluid electro-
lyte is the negative plate (cathode). The second strip of
aluminum foil serves only as a connection in broad and
intimate contact with the negative-plate electrolyte, and is
usually bonded to the aluminum can that houses the
capacitor. The porous strip prevents direct short-circuits
between the two foil strips.

The oxide dielecetric has a thickness on the order of 0.01
micron; thus the distance (d) between the ‘“‘plates” has
been reduced almost to the vanishing point. Furthermore,
the dielectric constant (K) of this oxide is approximately 11.
compared to 5 for paper, or 3 for polycarbonate or Mylar®
plastic film. As a result, the capacitance per cubic inch in an
electrolytic capacitor is increased tremendously, compared
to conventional capacitor designs, even in the original
electrolytic versions.
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Modern Electrolytic Capacitor Technology

Over the years since their inception, there have been
continuous improvements in electrolytic capacitor designs,
and advancements in their technology. One of the most
significant was that of etching the anode plate. The etching
action exposes the grain structure, enormoulsy increasing
the area of the surface for a given area of foil. Etching of a
given area of aluminum foil results in a many fold increase
in the actual surface area facing the electrolyte plate, in the
finished capacitor. Two other notable advancements were
the development of non-aqueous and solid electrolytes,
and of practical manufacturing techniques for the produc-
tion of high-purity aluminum foil. Both of these factors will
be examined in detail later, in conjunction with capacitor
fabrication.

While the energy storage capabilities of aluminum elec-
trolytic capacitors are impressive, electrolytic construction
has certain inherent limitations that affect the use and
perfomance of these capacitors. Safe operating voltages
are limited to about 450 volts. The oxide dielectric has
rectifer porperties, blocking current flow in one direction
but offering low resistance in the opposite direction; it is
therefore limited to DC applications, and a voltage reversal
of more than a volt or two will cause breakdown of the film
and destruction of the capacitor. (Non-polarized types for
AC applications are available. Their construction is essen-
tially the same as shown in Figure 1, but both foils are
coated with oxide dielectric, constituting two capacitors
connected back to back). The power factor of electrolytics
is considerably higher than those of other capacitor types,
and the broad plate area makes for appreciable leakage.

Production Technology

The design and fabrication of an electrolytic capacitor is
an extremely complex science. The physical principles
involved, and their interlocking—and occasionally mutually
exclusive—relationships have been the subject of continu-
ous, heavy research for more than 80 years. Some of the
developments that have evolved are discussed below.

The Anode (Positive Plate). Capacitance is directly pro-
portional to the surface area of the capacitor plates. This
factor has been uniquely exploited in electrolytic design by
etching the surface of the anode foil, either chemically, by
immersion in an acid bath such as hydrochloric acid, or
electrochemically by immersion in a conductive, corrosive
bath such as a solution of sodium chloride, and applying an
electric current to the foil and solution. In both cases, the
etching action exposes the grain structure of the metal,
enormously increasing the area of the surface for a given
area of foil. The degree of etch is controlled by immersion
time in chemcial etching, and by the regulation of current
flow in electrochemical etching.

The presence of impurities (principally copper, silicon,
magnesium, iron and zinc), in the anode foil, can result in
early failure of an electrolytic capacitor. Particles of other
metals do not form an oxide barrier layer as aluminum
does, hence constitute leakage paths. They also form
galvanic couples with aluminum and will produce hydrogen
gas in the presence of an electrolyte, besides reducing the
efficiency of the oxide-layer barrier and causing generation
of excessive heat. For these reasons, high-purity aluminum
is used for foils, and the electrochemical etching process is
the most suitable for use on this material. Lower-purity
aluminum is used for the cathode foil.

In the electrochemical etching process, high etching-
current density produces a fine etch pattern, with very high
surface gain. However, when this surface is anodized (as
discussed later) to voltages above 100 volts, the thickness
of the oxide layer formed will bridge over some of the fine
depressions of the etch pattern, reducing the surface gain,
and the forming reaction will cause mechanical erosion of
the peaks of the etch, further reducing the effective area.

Using the lower etching-current density produces a
coarser surface, but the higher resistance to erosion and
over-bridging results in a higher final capacity, when ano-
dized at higher voltages. Thus, there is a trade-off relation-
ship between etch coarseness and forming voltage in
achieving maximum capacity at a selected working voltage,
in a capacitor of given size. It is possible to custom-tailor
the etch for optimum capacity at a given voltage.

The foil is run as a continuous ribbon through the
precleaning bath, then over a roller which supplies the
current for etching, then down into the etching tank, then
through a series of baths that remove the etch solution,
neutralize residual salt, remove loose metal particles, and
wash away any remaining materials carried over from the
processing tanks. The foil is then dried and immediately
rolled, and protected from the atmosphere to prevent
formation of “‘non-barrier’’ oxide prior to its entry into the
anodizing, or forming, process.

Two types of “‘anodized” films can be formed on alumi-
num. In contact with moist air, the surface layer of alumi-
num forms a porous oxide of regular structure and low
resistance, known as non-barrier oxide. When immersed in
certain electrolyte solutions and connected to a DC power
source as an anode with the solution as a cathode, the
surface layer of aluminum forms an impervious, amor-
phous film of aluminum oxide having the property of
restricting the flow of current in one direction and permit-
ting it to flow in the opposite direction. This barrier oxide
layer has a thickness which is a function of the applied
voltage-approximately 14 angstroms per volt, at room
temperature. The forming voltage must be considerably

2 Philips Components 6071 St. Andrews Road, Columbia, SC 29212-3198 (803) 772-2500 FAX: (803) 772-2445



Aluminum Electrolytic Capacitors

higher than the proposed operating voltage, to provide
adequate dielectric strength over a long operating life
despite aging effects. Leakage current increases rapidly as
the operating voltage approaches the forming voltage
value, particularly in “‘wet” electrolytics.

Needless to say, the foil, the electrolyte, and the tanks
and apparatus must all be of the highest purity, and
cleanliness. The presence of impurities can result in porosi-
ty in the oxide film, and can cause some dissolving of the
film in the electrolyte—an effect that can double for every
10°C rise in the temperature of the solution. Impurities
remaining in the elements of a finished capacitor will cause
reactions that will result in high leakage, early deterioration,
and outright failure after a short operating life.

The Electrolyte. In an electrolytic capacitor the electro-
lyte constitutes the second electrode, or plate, separated
from the anode, or positive plate by this barrier layer of
oxide formed on the anode surface. Ideally, it must be
chemically inert, and have good temperature stability, and
the proper conductivity. If the conductivity is too low, a high
ESR (equivalent series resistance) results, with consequent
high loss factor. If the conductivity is too high for the rated
operating voltage, electrolytic breakdown in the form
sparking occurs (known as ‘‘scintillation”), resulting in
failure of the capacitor.

Wet electrolytic capacitors use a liquid electrolyte; the
solvent (usually from the glycol family), some form of
conductive salts, and a controlled amount of water. A
porous ribbon of a nonconductive material such as a highly
absorbent paper is wound as a separator between the two
foils, and this ribbon is saturated with the electrolyte. The
construction of such a capacitor is shown on Figure 2. The
rolied element is installed in a cylindrical metal container
which may be connected to the cathode foil. A plastic
sleeve is provided on some types, to facilitate the use of off
ground applications.

Limiting the amount of water in the electrolyte limits
gassing and chemical activity, thereby increasing life ex-
pectancy. Low water levels in electrolytes also increase the
shelf life. Using solvents less viscous than glycols, as an
example amides, and more soluble salts, enables the
electrolyte to penetrate into the fine etch structure of the
foil more readily, thus contacting a greater surface area.
This increases the ratio of unit capacitance to contact area
and further reduces E.S.R.

The resistivity of electrolytes particularly with high water
content, varies with temperature especially below 25°C.
This results in high loss of capacitance and increase in
E.S.R. at temperatures below —10°C. The high water
content in electrolytes also limits their use to maximum
temperature of +85°C. At these high temperatures they

have limited life expectancy and shelf life. Local sites in the -

aluminum foil are activated by water, allowing exposure of
bare metal. This results in high leakage current when a
stored capacitor is subjected to applied voltage. If this

Modern Electrolytic Capacitor Technology

leakage current can reach a sufficient magnitude from an
unregulated source, the unit may go into thermal runaway,
with subsequent failure.

RUBBER

VENT PLUG WITH HIGH PURITY
CALIBRATED

PRESSURE RELIEF METAL FOIL
DIAPHRAGN ELECTRODES

SPECIAL PAPER
SEPARATORS

STITCHED TO

<@> HIGH PURITY
ELECTRODES " \/rTAL TAB CONDUCTORS

Fig. 2. Basic construction of a concentrically wound
computer grade electrolytic capacitor.

At extremely low temperatures, conventional glycol fami-
ly electrolytics lose in excess of 35% of their capacitance,
and increase their E.S.R. manyfold, in relation to their room
temperature values. These effects are caused by the in-
crease in resistivity of the electrolyte, due to increased
viscosity or sometimes by crystalization, as well as its
shrinkage from the etch pattern of the foil. This results in
poor contact between the electrolyte and the foils. This
type of capacitor becomes a practically pure resistive
device at +60°C due to these effects.

While it is a fact that amide based electrolytes produce
capacitors with superior low temperature characteristics,
such as an 80% capacitance retention at —55°C, they have
several undesirable characteristics. The vapor pressures of
amide base electrolytes are much higher than for glycols,
thereby requiring superior sealing characteristics, and spe-
cial materials in their containers. The high vapor pressures
effect the long term life at high temperature operation. The
toxicity of the amides is also considerably greater than
glycols and they may also have adverse ecological ef-
fects.

Philips Components has developed non-aqueous, glycol
family, electrolytes that possess excellent E.S.R. chara-
cteristics and superior, long term, high temperature opera-
tion. This is illustratred in Figure 4. This shows the superior
E.S.R. stability of the glycol electrolyte vs the amide based
on at 105°C operation.

Philips Components 6071 St. Andrews Road, Columbia, SC 29212-3198 (803) 772-2500 FAX: (803) 772-2445 3
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Modern Electrolytic Capacitor Technology

Life Test Characteristics ESR @ 105°C DMF vs Glycol
Low Volt Electrolyte.
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Fig. 3. E.S.R. Stability comparison at high temperature
of amide vs. glycol base electrolytes.

While the low temperature characteristics are somewhat
inferior, the following curves should indicate that they are
quite acceptable for all but the most critical military applica-
tions.

Figure 4 illustrate typical low temperature operating
characteristics with the newly developed and utilized elec-
trolytes.

PART #3188GF222T400AMA2 CAP 2200 WVDC 400
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e
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Fig. 4. Typical Low Temperature Operating
Characteristics

The Spacer. The characteristics of the spacer that
separates the foil ribbons influence the ESR of the capaci-
tor. Each type of spacer has a resistance factor dependent
upon its density, type of fiber, and fiber shape. In the
design of low-ESR capacitors, it is essential to use spacers
with low resistance factors. At present, the lowest resis-
tance-factor spacers are of the lowest-density types, and
since this low density is associated with minimum mechani-
cal strength, special equipment is required to utilize them
effectively. Proper design sometimes involves use of more
than one spacer for optimum electrical characteristics and
ease of manufacture. Figure 5 presents microphotographs
of various spacers, showing their fiber structure.

The Cathode. The cathode foil in an electrolytic capaci-
tor serves as a means of making extended contact with the
electrolyte throughout the length and breadth of the sepa-
rator strip. However, it also effectively forms another
capacitor with the electrolyte, in series with the anode
capacitor. The total effective capacitance is:

1 = 1 + 1
Ctotal Canode Ccathode

Theoretically, the cathode foil has no insulation or oxide
coating; its capacitance therefore should be infinitely large,
and the total capacitance would be governed by the anode
alone. Actually, a thin oxide film of some sort forms on the
metal through exposure to the atmosphere and to the
electrolyte, reducing this capacitance, though in all but
low-voltage electrolytics it is considerably higher than the
anode capacitance because of the relative thinness of the
cathode film.

Non-polar electrolytic capacitors are essentially two ca-
pacitors connected back to back. Both foils are anodized to
form oxide barrier layers, and they share the electrolyte in
common. The system is inefficient, having a high power
factor due to the large ESR, but is an effective and
economical device in such AC applications as motor-
starting capacitors where the intermittent use allows time
for dissipation of generated heat between operations. The
capacitor manufacturer is well equipped to advise a cus-
tomer on his specification, and his application, to maximize
performance and life at minimum cost, and to adjust his
processes to produce the idealized capacitor.

Electro-Mechanical Considerations

Several mechanical innovations have been incorporated
into electrolytic capacitor design, aimed at improving the
electrical performance as well as the efficiency of these
components. A very significant one is the multi-tabbing of
the foil windings. Since the foil cross-section is extremely
small, the foil resistance can be appreciable, especially in
the larger-diameter units. An effective method for minimiz-
ing this resistance is to install several connection tabs at
equal distances along the length of the foils. This has the
effect of connecting the resistance of the segments in
parallel, thereby reducing the total resistance of the foil
ribbon, and lowering the ESR.
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Fig. 5. Fiber Stuctures of Spacers.

Modern Electrolytic Capacitor Technology

Fig. 6. Multi-Tabbed Doughnut-Wound Capacitor.

The coil helices of foil, being effectively in series with the
conductive paths in the capacitor, also contribute some
inductance to the ESL (equivalent seies inductance) of the
unit. But multitabbing reduces this effect significantly, not
only by connecting the inductances of the segments in
parallel, but also by the bifilar action of the centered tabs.
For most effectively minimizing ESR and ESL, the tabs
must placed in the exact mathematical center of each
segment; this placement is now accomplished by compu-
terized techniques which locate the tab for optimum electri-
cal performance, and for mechanical ease of assembly.
Figure 6 shows this multi-tabbed construction; and Figure 7
shows typical characteristics achieved with this design.
Capacitors of this construction can attain ESR values of
less than 2 millliohms in the 120 HZ-40k Hz frequency
range.

Another benefit of the multi-tabbing technique is greater
realization of capacitance in high-capacitance, low-voltage
units. Since the unit capacitance with its associated individ-
ual foil resistance is a strip-line network, reduction of this
resistance increases the effective capacitance at the term-
inals of the device.

1000

uFD
7.5 volts

8
=~

Al ]

il LT |

100 1,000 10,000 100,00
FREQUENCY Hz

Fig. 7. Impedance and ESR vs. Frequency,
PhilipsComponents High-Frequency Capacitor.

Another recent improvement is the elimination of potting
compound. This is available on special order when a higher
than standard vibration is a requirement. In previous de-
signs, a bituminous compound was used to anchor the
capacitor element in its metal case to prevent damage or
failure due to mechanical vibration; this compound, being a
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Modern Electrolytic Capacitor Technology

poor thermal conductor, constituted a barrier to efficient
heat dissipation from the element. Philips Components
developed a method (patent pending) of crimping the sides
of the case to achieve direct contact with the capacitor
element as shown in Figure 8. This achieves a positive
anchoring of the element, preventing its movement in any
direction when subjected to vibration.

Direct and firm contact between case and element pro-
vides excellent thermal conductivity from the element to
the ambient atmosphere and chassis or frame support,
resulting in cooler operation of the capacitor. In addition,
absence of potting material results in uniform gas expan-
sion space in each unit, increasing the operating life of the
capacitor. Units with this construction are the most suitable
for mounting in any plane during operation.

N

D

Fig. 8. Crimped Case.

Further enhancement of the thermal efficiency of the unit
is achieved by winding the capacitor element with a large
core opening. The development of foils with higher capaci-
tance per unit area decreases the foil length required for a
given capacitance rating. By keeping the outer diameter
constant, for efficient roll contact with the case, and in-
creasing the internal core size, a higher thermal efficiency
is realized.

Definition of Capacitor Parameters

Electrically, an ideal capacitor exhibits only capacitance
between its terminals—no resistance, no inductance—and
when a varying voltage is applied, the current flowing in it
will lead the voltage applied across it by 90°. In practical
capacitors the situation is as shown in Figure 9, the
lumped-parameter circuit for a capacitor. Because of its
physical construction and composition, the capacitor un-
avoidably includes both inductance and resistance in series
with the capacitance, and minute leakage paths through
the dielectric add some resistance in parallel with the
capacitance.

ESL, the “‘equivalent series inductance,” is determined
by the mechanical construction of the finished capacitor.
ESR, the “‘equivalent series resistance,” in an electrolytic
capacitor is determined by the electrolyte, the spacer, the
dielectric (barrier oxide), and the foil resistance. R, the DC
resistance due to leakage current, is determined by the
qualities of the dielectric. The actual values of these
lumped parameters vary quite widely among electrolyte
capacitors because of differences in size, and in forming
techniques, as well as in construction and composition. In
any given capacitor, they also vary with ambient condi-
tions, and with applied voltage, waveform, and frequency.
What is more, they often vary in a non-linear manner. For
these reasons, capacitor parameters must often be quali-
fied by stating range limitations and conditions of opera-
tion. This has some significant influences on the equipment
designer’s choice of a capacitor, and its performance in a
particular application, as indicated in the following discus-
sions.

Capacitance. The capacitance of an electrolytic capaci-
tor is normally stated in microfarads, though the time is
approaching when single units will offer one or more farads
of capacitance in a container of practical size. The forming
process used to establish operating voltage ratings is a
precise science, but it is not yet exact. Therefore the

ESL ESR Cc

R,

Fig. 9. Equivalent Circuit of a Practical Capacitor.

actual capacitances achieved in capacitors of a particular
production run will vary somewhat from unit to unit, and
these units are cataloged within a liberal capacitance
tolerance. Most applications for electrolytic capacitors are
uncritical of exact capacitance values, and require only that
the capacitance exceed a nominal minimum value.

Capacitance Tolerance (Accuracy). This tolerance is
stated as the maximum positive and negative deviations of
the capacitance from a rated nominal value, at a'standard
test temperature (usually 25° +3°C), measured at a stan-
dard frequency (usually 120 Hz), at a negligibly low test
voltage (usually 1 volt). It is usually expressed as a percent-
age of nominal capacitance. Common tolerances are
—10% +50%, —10% +75%, and +20%. Closer tolerances
are available on special order, for critical applications.
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Notes: Measurements at other than the standard test
temperature must allow for the temperature characteristic
(see below) of the capacitor. ‘“Negligibly low test voltage”
means that the test voltage applied is not high enough to
cause significant temperature rise due to losses and/or
leakage. Usually at the standard test frequency, the test
voltage is not critical.

Temperature Characteristic (of Capacitance). The varia-
tion of capacitance with temperature, in electrolytic capaci-
tors, is non-linear, particularly in the region below room
temperature. To list an over-all average numerical tempera-
ture coefficient would be misleading, since the coefficient is
quite small at conventional operating temperatures, and
substantially larger at low temperatures. Electrolytics are
not ordinarily utilized in thermal-compensation or stabiliza-
tion schemes, but their performance over a specific
temperature range is usually of interest to the circuit
designer, and their temperature characteristics are cus-
tomarily provided in graphic form (see Figure 4 for typical
examples of glycol vs. amide electrolytics).

The temperature characterisitc of capacitance for a given
type or model electrolytic capacitor will vary with the
nominal capacitance and voltage ratings.

Note: The temperature reference in this characteristic is
that of the capacitor, not the ambient temperature.

DC Working Voitage. This is the maximum voltage at
which a capacitor may be operated continuously, over its
rated operating temperature range. Voltages in electronic
and electrical circuits are often DC with an additional AC
component consisting of ripple or noise signals, fluc-
tuations due to power-line variations, etc. The specified DC
working voltage rating includes the total (DC plus peak AC)
voltage that may be applied in continuous operation. The
AC component must not be allowed to exceed the DC
component, to avoid polarity reversal and possible de-
struction of the capacitor.

Surge Voltage. Electrolytic capacitors can usually with-
stand an occasional brief pulse or surge of voltage beyond
their rated DC working voltage without being damaged. A
surge rating is established for each type or model, which
includes ripple, noise, power-line fluctuations and all tran-
sient occurrences. This rating is on a non-recurrent basis,
and should never be exceeded, even momentarily.

Equivalent Series Resistance (ESR). The ESR of a ca-
pacitor is a standard characteristic, expressed in ohms,
representing all energy losses in the “‘equivalent ’’ series
resistance of a capacitor, regardless of source: lead resist-
ance, termination losses, dissipation in the dielectric mate-
rial, foil resistance. It assumes that all losses can be
represented by a single resistance in series with the

Modern Electrolytic Capacitor Technology

idealized perfect capacitor. The power losses caused by it
result in internal heating of the device, which in turn affects
the useful expected life, the impedance (a major factor in
applications), and the permissible ripple current.

ESR is strongly dependent upon the operating tempera-
ture of the capacitor, and varies inversely with it as can be
seen in Figure 4. This variance is primarily the result of the
contribution of the electrolyte—spacer combination to the
total ESR of the capacitor.

An added source of ESR is found in the resistance of the
aluminum foil itself, due to both the series resistance of the
foil and the resistance of the oxide on the anode foil. The
higher voltage ratings will have higher ESR values due to
thicker anodic oxide films.

Since in large capacitors the length of the foil ribbon is
considerable, and the actual cross-section of the foil is
relatively thin due to the etching of the surfaces, significant
resistance exists. This resistance is further affected by the
individual etch patterns used, but may be controlled to
some extent by adjusting the foil area-to-capacitance ra-
tios; that is, the higher the ratio of foil area to unit
capacitance, the lower the ESR produced.

Effective Series Inductance. The effective series induc-
tance of a capacitor, which is a function of its mechanical
construction, dominates the impedance of the device
above the self resonant frequency. This can become a
limiting factor in higher frequency applications such as
switch mode power supplies. The self resonance of the
capacitor is that frequency at which the inductive reactance
and the capacitive reactance are equal in magnitude and
opposite in phase. At this frequency the impedance of the
device is equal to the ESR.

Ripple Current. When a periodic (AC) voltage wave is
superimposed the DC voltage applied to an electrolytic
capacitor—i.e., when the filter capacitor in a DC power
supply is being charged by the rectifier and discharged by
the external load—current flows into and out of the capaci-
tor. This “ripple current” flows through the ESR of the
capacitor, generating heat which increases the internal
temperature of the unit.

Being an electrochemical device, the capacitor is subject
to deterioration, including a shortened life, by temperature
increases. The higher temperatures cause an increase in
leakage current, and loss of electrolyte through the seals;
the current flow initiates electrolysis of the electrolyte,
generating gas, and decreasing the quantity of electrolyte,
which in turn causes a decrease in capacitance and an
increase in ESR. The failure mode typically is a loss of
capacitance to the point that the power supply ripple
voltage will be beyond the specified limit.
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Aluminum Electrolytic Capacitors

Modern Electrolytic Capacitor Technology

Ripple current through the capacitor can be measured in
several ways, some more accurate than others. Figure 18
illustrates three of these methods. The first method shown
is the most accurate. The current is read directly from a
True RMS current probe. The second method, reading the
RMS voltage across a very-low-resistance shunt and using
Ohms’ Law to derive the current works very well, if the
resistance of the shunt is less than 10% of the impedance
of the capacitor. The third method is perhaps the easiest,
but is the least accurate if the actual impedance of the
capacitor is not known. The ripple current can be approxi-
mated by dividing the RMS voltage by the calculated
impedance:

Zo = VESRZ +(X_ — Xo

Xc= 1
27 fC
XL=27TfL

f = frequency, C = Farads, L = Henries

where the ESR, capacitance, and inductance are the values
specified in the manufacturer’s literature.

Quality, Dissipation, and Power Factors. These three
factors are discussed together because they are interrelat-
ed, and are sometimes misinterpreted when described
individually. Quality Factor (or Q) is simply the ratio of the
capacitor’s reactance to its resistance (X¢/R) at a specified
frequency. It should be as high as possible, since a lower
ratio indicates higher power loss. Dissipation Factor (DF) is
the reciprocal of Quality Factor: DF = 1/Q = R/X,. It should
be as low as possible, since high DF represents a high
power loss. Power Factor (PF) is the ratio of resistance to
impedance (R/Z) and represents the fraction of input
voltamperes (or power) dissipated in the capacitor. Quality
Factor and Dissipation Factor are terms associated with
DC capacitors. Power Factor is primarily associated with
AC motor start capacitors.

Insulation Resistance and DC Leakage Current. | is a
measure of the capacitor’s ability to retain a charge with
respect to time. It is the ratio of the DC test voltage
impressed across to the current that flows through it (at a
specified voltage and temperature). This current is mea-
sured 5 minutes after the capacitor has been charged to
the test voltage. The capacitor then appears as a high
resistance in parallel with an ideal (non-leaky) capacitor.
Insulation resistance is sometimes expressed in megohms
for small capacitors and as a time constant (the product of
R and C in megohm-microfarads) for higher-value capaci-
tors. It should not be confused with the equivalent series
resistance.

120Hz
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Aluminum Electrolytic Capacitors

Description

Philips Components’ Series 3186 Computer-Grade Alu-
minum Electrolytic Capacitors are designed for use in the
most demanding data-system and industrial-control appli-
cations. They provide the highest attainable reliability in
this class of capacitors, with generous safety margins
insured by computer designing and painstaking manufac-
turing control.

This family of capacitors offers the widest range of
capacity/voltage combinations ever offered in heavy-duty
computer-grade electrolytics. Combined with 39 standard
case sizes and five terminal options, the Series 3186
Capacitors can provide a suitable standard product for
nearly every application. In addition, the ripple-current
ratings for these units meet or exceed all industry require-
ments for similar products. These capacitors are suitable
for all applications where long life at high operating temper-
atures without derating is required in a standard computer-
grade product.

Series 3186

Computer-Grade
Aluminum Electrolytic
Capacitors

Features
e 2000 Hours Operating Life at 85°C.
e Highest Capacitance per case size.

e Meets or exceeds all requirements for EIA-RS395 for
type |l capacitors.

e Computer-designed for optimum performarice.

39 Standard Case Sizes.

Pressure-Sensitive Safety Vent.
e Operating Temperature: —40°C +85°C.
e Termination: Screw Terminals.

e Voltage Range 6.3-450 VDC.

Performance Characteristics: See page 95
Life Prediction Guidelines: See page 99
Application Guidelines: See page 105
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Aluminum Electrolytic Capacitors
Series 3186

How to Specify

Philips Components Series Capacitors can be completely specified using the following designation:

XXXX BA 9¢|l2 U 005 A M A-1
I |
Philips Capacitance Insulation &
Components XX = Significant Digits Voltage Bracket Code
Product X = Multiplier 005 = 5VDC (see physical
Series i.e. 942 = 9400uF 050 = 50vDC spec)
Case Size Tolerance Terminal Style Factory
Code U= —-10%+75% A = High Post Assigned
T = —10%+50% B = Low Post Number
D = High Current
H = PC Mount

Physical Specifications Computer Grade

Insulated Case Dimension Adder And Bracket Codes

Inches mm Bracket Code
Insulation Type D L H D L H without with
.004 inch Polymeric .010 .015 .010 .25 .38 .25 M L
.008 inch Polymeric .020 .032 .024 .508 .813 .61 P R
.012 inch Polymeric .025 .062 .045 .63 1.58 1.14 H J
Uninsulated -— - — — — — N X
Bracket Dimensions Bracket Outline Drawing

Dimensions in Inches

A 0.150" dis
Case A B C D E A E

>»

Diameters | =0.005 | +0.031 | +0.016 | +0.031 | +0.031 : 1 ¢

\ B
02007 oia L& J_4 : _i
1375 | 1.375 | 0906 | 0562 | 0.750 | 1.156 1 U U

1.750 1.750 1.125 0.750 1.125 1.313 -
2.000 2.000 1.250 0.750 1.125 1.438
2.500 2.500 1.500 0.750 1.125 1.688
3.000 3.000 1.750 0.750 1.125 1.938

Dimensions in Millimeters

Case A B C D E
Diameters | *0.13 +0.79 +0.40 +0.79 +0.79

34.92 34.92 23.01 14.25 19.05 29.36
44.45 44.45 28.57 19.05 28.57 33.35

50.80 50.80 31.75 19.05 28.57 36.51 —{}-0.150"
63.50 63.50 38.10 19.05 28.57 42.87

For 1-3/4(D), 2(E), 2-1 X For 1-3/8(B) inch
76.20 76.20 44.45 19.05 28.57 49.22 . ﬁ%“ /2(F) %nn
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Aluminum Electrolytic Capacitors

Series 3186
Physical Specifications Computer Grade PC Mount Terminal Spacing (Inches)
Dimensions Case Diameter X Y b4
1.375 550 500 375
Uninsulated Case Dimensions 1.750 900 700 525
- — - — 2.000 1.000 .800 575
Case Dimensions in Inches | Dimensions in Millimeters
Code* D L S D L S Case Outline Drawing THREAD TYPE T+ om
BA 1.375 | 2125 | 500 | 34.92 | 53.97 | 12.70 .
BB 1.375 | 2625 | 500 | 34.92 | 66.67 | 12.70
BC 1.375 | 3125 | 500 | 34.92 | 79.37 | 12.70 + E:?
BD 1.375 | 3625 | .500 | 34.92 | 92.07 | 12.70 ® ©
BE 1375 | 4125 | 500 | 34.92 | 10477 | 12.70 L '
BF 1.375 | 4625 | 500 | 34.92 | 117.47 | 12.70 —
BG 1375 | 5125 | 500 | 34.92 | 130.17 | 12.70 L+ 062
BH 1.375 | 5625 | 500 | 34.92 | 142.87 | 12.70 s ;
DA 1.750 | 2125 | .750 | 44.45 | 53.97 | 19.05 016
DB 1.750 | 2625 | 750 | 44.45 | 66.67 | 19.05
DC 1.750 | 3125 | .750 | 44.45 | 79.37 | 19.05 The capacitors are marked with:
DD 1.750 3.625 .750 44.45 92.07 19.05 ® nominal Capacitance
DE 1.750 | 4125 | .750 | 44.45 | 104.77 | 19.05 e rated volt
DF | 1750 | 4625 | .750 | 44.45 | 117.47 | 19.05 oltage
DG 1.750 | 5125 | .750 | 44.45 | 130.17 | 19.05 ¢ EIA source and date code == D o031 =
DH 1.750 | 5.625 750 | 44.45 | 142.87 | 19.05 e maximum ambient temperature
EA 2.000 | 2.125 875 | 50.80 | 53.97 | 22.22 e polarity
EB 2.000 | 2625 | .875 | 50.80 | 66.67 | 22.22
EC 2.000 | 3.125 | .875 | 50.80 | 79.37 | 22.22 e name of manufacturer
ED 2.000 | 3625 | .875 | 50.80 | 92.07 | 22.22 ® part number
EE 2.000 | 4.125 .875 | 50.80 | 104.77 | 22.22 e capacitance tolerance
EF 2.000 | 4625 | .875 | 50.80 | 117.47 | 22.22
EG 2.000 | 5.125 .875 | 50.80 | 130.17 | 22.22 . .
EH | 2.000 | 5625 | 875 | 50.80 | 142.87 | 22.22 Case Outline Drawing
FB 2.500 | 2.625 | 1.125 | 63.50 | 66.67 | 28.57 PRINTED GIRCUIT BOARD MOUNT
FC 2500 | 3125 | 1.125 | 63.50 | 79.37 | 28.57
FD 2500 | 3.625 | 1.125 | 63.50 | 92.07 | 28.57 WIRE DIAM. = 064 T=.010
FE 2.500 | 4.125 | 1.125 | 63.50 | 104.77 | 28.57 oL |
FF 2.500 | 4625 | 1.125 | 63.50 | 117.47 | 28.57 STANDGORF
FG 2500 | 5.125 | 1.125 | 63.50 | 130.17 | 28.57 @ places) —
FH 2500 | 5.625 | 1.125 | 63.50 | 142.87 | 28.57 T
GC 3.000 | 3.125 | 1.250 | 76.20 | 79.37 | 31.75
GD 3.000 | 3625 | 1.250 | 76.20 | 92.07 | 31.75 l
GE 3.000 | 4.125 | 1.250 | 76.20 | 104.77 | 31.75 L
GF 3.000 | 4625 | 1.250 | 76.20 | 117.47 | 31.75 g 8
GG 3.000 | 5125 | 1.250 | 76.20 | 130.17 | 31.75 >
GH 3.000 | 5.625 | 1.250 | 76.20 | 142.87 | 31.75 NI
GJ 3.000 | 5.875 | 1.250 | 76.20 | 149.22 | 31.75 |
GN 3.000 | 8.625 | 1.250 | 76.20 | 219.07 | 31.75 :
PLASTOII(.EF J :
TAND
PC Mount Overall Height (Inches) S<s places) i
F CAPACITOR L_ -
Case Length H (Tg:cvtln?s%e%tfppc BOARD) D=.081—
2.125 2.31 Terminal Styles, Dimensions, and Code
2.625 2.81
3.125 3.31 Terminal T T Thread
3.625 3.81 Style (inches) (mm) Code Type
4125 4.31
4.625 4.81 High Post .250 6.4 A 10-32
5.125 5.31 Low Post .063 1.6 B 10-32
5.625 5.81 High Current* .093 3.2 D 2-28
PC Mount** .250 6.4 H N/A

*Available in 212" and 3" diameter cans only. Recommended for
applications where ripple current exceeds 30 Amperes.
**Contact factory for maximum capacitance.

EA can only multiply .8 time capacitance table.
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Aluminum Electrolytic Capacitors

Series 3186

6.5 VDC Working 9.0 Surge

10.0 VDC Working 12.0 Surge

12

Max. RMS Max. RMS
Maximum Ripple Maximum Ripple
) . Nominal Case ESR Current Nominal Case ESR Current
Capacitance | Philips Components | Size Inch OHMS Amps at Capacitance | Philips Components | Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C{120 Hz, 85C uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C
57000 |3186BA573U6P5AP (1.375 x 2.125| 0.0129 75 44000 |3186BA443U010AP [1.375 x 2.125| 0.0131 7.4
68000 |3186BB683U6P5AP [1.375 x 2.625| 0.0111 8.8 53000 |3186BB533U010AP|1.375 x 2.625| 0.0113 8.7
91000 |3186BCI13U6P5AP |1.375 x 3.125| 0.0088 10.6 71000 |3186BC713U010AP |1.375 x 3.125| 0.0089 10.5
110000 |3186BD114U6P5AP {1.375 x 3.625| 0.0076 12.2 89000 |3186BD893UO10AP |1.375 x 3.625| 0.0076 12.1
130000 |3186BE134U6P5AP [1.375 x 4.125| 0.0067 13.6 100000 | 3186BE104U010AP |1.375 x 4.125( 0.0068 135
160000 | 3186BF164U6P5AP [1.375 x 4.625| 0.0060 15.1 120000 | 3186BF124U010AP |1.375 x 4.625| 0.0062 14.9
180000 |3186BG184U6P5AP [1.375 x 5.125| 0.0056 16.4 140000 |3186BG144U010AP|1.375 x 5.125| 0.0057 16.3
200000 |3186BH204U6P5AP [1.375 x 5.625| 0.0053 175 160000 |3186BH164U010AP|1.375 x 5.625 0.0054 17.5
100000 |3186DA104U6P5AP |1.750 x 2.125| 0.0084 10.9 79000 |3186DA793U010AP |1.750 x 2.125| 0.0085 10.8
120000 |3186DB124U6P5AP|1.750 x 2.625| 0.0072 126 95000 |3186DB953U010AP[1.750 x 2.625| 0.0073 12.6
160000 |3186DC164U6P5AP [1.750 x 3.125| 0.0058 15.1 120000 |3186DC124U010AP|1.750 x 3.125 0.0059 15.0
200000 |3186DD204U6P5AP|1.750 x 3.625| 0.0049 17.3 150000 |3186DD154U010AP [1.750 x 3.625| 0.0050 17.2
240000 |3186DE244U6P5AP |1.750 x 4.125| 0.0044 19.4 190000 |3186DE194U010AP |1.750 x 4.125| 0.0044 19.3
280000 | 3186DF284U6P5AP |1.750 x 4.625| 0.0040 21.2 220000 |3186DF224U010AP |1.750 x 4.625| 0.0041 21.2
320000 |3186DG324U6P5AP|1.750 x 5.125| 0.0038 23.0 250000 |3186DG254U010AP [1.750 x 5.125| 0.0038 22.9
360000 |3186DH364U6P5AP|1.750 x 5.625| 0.0036 246 280000 |3186DH284U010AP[1.750 x 5.625| 0.0036 245
130000 | 3186EA134U6P5AP {2.000 x 2.125| 0.0064 13.6 100000 | 3186EA104U010AP |2.000 x 2.125( 0.0088 11.6
150000 | 3186EB154U6P5AP [2.000 x 2.625| 0.0056 15.7 120000 | 3186EB124U010AP |2.000 x 2.625| 0.0076 13.4
210000 | 3186EC214UBP5AP {2.000 x 3.125| 0.0044 18.7 160000 |3186EC164U010AP |2.000 x 3.125| 0.0061 16.0
260000 | 3186ED264UBP5AP |2.000 x 3.625| 0.0038 214 200000 | 3186ED204U010AP [2.000 x 3.625| 0.0052 18.3
310000 | 3186EE314UBP5AP |2.000 x 4.125| 0.0034 239 240000 | 3186EE244U010AP [2.000 x 4.125( 0.0046 20.5
370000 | 3186EF374U6P5AP |2.000 x 4.625| 0.0031 26.2 280000 | 3186EF284U010AP [2.000 x 4.625| 0.0042 22.4
420000 | 3186EG424UBP5AP |2.000 x 5.125| 0.0029 28.2 330000 |3186EG334U010AP [2.000 x 5.125| 0.0039 24.2
470000 | 3186EH474U6P5AP |2.000 x 5.625| 0.0028 30.0 370000 |3186EH374U010AP {2.000 x 5.625( 0.0037 25.9
260000 | 3186FB264U6P5AP |2.500 x 2.625| 0.0037 22.2 200000 | 3186FB204U010AP (2.500 x 2.625( 0.0046 19.9
350000 | 3186FC354U6P5AP | 2.500x 3.125| 0.0030 26.3 270000 | 3186FC274U010AP [2.500 x 3.125| 0.0037 236
440000 | 3186FD444U6P5AP [2.500 x 3.625| 0.0026 29.9 340000 |3186FD344U010AP [2.500 x 3.625| 0.0032 26.9
530000 | 3186FE534U6P5DP (2.500 x 4.125| 0.0023 332 410000 | 3186FE414U010AP [2.500 x 4.125| 0.0028 299
610000 | 3186FF614U6P5DP |2.500 x 4.625| 0.0021 36.2 480000 | 3186FF484U010DP {2.500 x 4.625| 0.0026 327
700000 |3186FG704U6P5DP [2.500 x 5.125| 0.0020 39.0 550000 |3186FG554U010DP|2.500 x 5.125 0.0024 35.2
790000 |3186FH794U6P5DP (2.500 x 5.625| 0.0019 415 620000 |3186FH624U010DP {2.500 x 5.625| 0.0023 375
520000 |3186GC524U6P5DP |3.000 x 3.125( 0.0023 337 400000 |3186GC404U010DP|3.000 x 3.125| 0.0027 311
650000 |3186GD654U6P5DP(3.000 x 3.625| 0.0020 38.3 500000 |3186GD504U010DP{3.000 x 3.625{ 0.0023 353
780000 |3186GE784U6P5DP [3.000 x 4.125| 0.0018 423 610000 |3186GE614U010DP|3.000 x 4.125| 0.0021 39.1
910000 |3186GF914U6P5DP {3.000 x 4.625| 0.0016 45.0 710000 |{3186GF714U010DP {3.000 x 4.625| 0.0019 426
1000000 |3186GG105U6P5DP|3.000 x 5.125( 0.0015 45.0 810000 |3186GG814U010DP{3.000 x 5.125| 0.0018 45.0
1100000 |3186GH115U6P5DP|3.000 x 5.625| 0.0015 45.0 910000 |{3186GH914U010DP|3.000 x 5.625| 0.0017 45.0
1900000 |3186GN195U6P5DP|3.000 x 8.625| 0.0013 45.0 1500000 |3186GN155U010DP{3.000 x 8.625| 0.0015 45.0
15.0 VDC Working 18.0 Surge
Max. RMS
Maximum Ripple
Nominal Case ESR Current
Capacitance | Philips Components | Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C|120 Hz, 85C
32000 |3186BA323U015AP [1.375 x 2.125| 0.0134 74
38000 |3186BB383U015AP (1.375 x 2.625| 0.0115 8.6
51000 |3186BC513U015AP |1.375 x 3.125| 0.0091 10.4
64000 |3186BD643U015AP |1.375 x 3.625| 0.0077 12.0
76000 |3186BE763U015AP |1.375 x 4.125| 0.0068 13.5
89000 |3186BF8I3U015AP |1.375 x 4.625| 0.0062 14.9
100000 |3186BG104U015AP [1.375 x 5.125 0.0058 16.1
110000 |3186BH114U015AP [1.375 x 5.625| 0.0055 17.3
56000 |3186DA563U015AP |1.750 x 2.125| 0.0137 8.5
68000 |3186DB683UO15AP [1.750 x 2.625| 0.0117 9.9
91000 |3186DC913U015AP |1.750 x 3.125| 0.0093 11.9
110000 |3186DD114U015AP [1.750 x 3.625| 0.0080 137
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Aluminum Electrolytic Capacitors

15.0 VDC Working 18.0 Surge (continued)

25.0 VDC Working 30.0 Surge (continued)

Series 3186

Max. RMS Max. RMS
Maximum Ripple Maximum Ripple
Nominal Case ESR Current Nominal Case ESR Current
Capacitance | Philips Components | Size Inch OHMS Amps at Capacitance | Philips Components | Size Inch OHMS Amps at
wF Part Number DxL 120 Hz, 25C|120 Hz, 85C ms Part Number DxL 120 Hz, 25C {120 Hz, 85C
130000 |3186DE134U015AP |1.750 x 4.125| 0.0071 15.3 150000 |3186FD154U025AP |2.500 x 3.625| 0.0051 21.3
150000 |3186DF154U015AP {1.750 x 4.625| 0.0064 16.8 190000 | 3186FE194U025AP {2.500 x 4.125| 0.0044 239
180000 |3186DG184U015AP [1.750 x 5.125| 0.0060 18.2 220000 | 3186FF224U025AP [2.500 x 4.625| 0.0040 26.3
200000 {3186DH204U015AP|1.750 x 5.625| 0.0056 19.5 250000 |3186FG254U025AP (2.500 x 5.125| 0.0037 285
73000 |3186EA733U015AP |2.000 x 2.125| 0.0089 11.5 280000 |3186FH284U025DP |2.500 x 5.625| 0.0035 30.5
88000 |3186EB8B3UO15AP |2.000 x 2.625| 0.0077 13.4 180000 (3186GC184U025AP |3.000 x 3.125| 0.0040 255
110000 | 3186EC114U015AP |2.000 x 3.125| 0.0062 15.9 230000 |{3186GD234U025AP|3.000 x 3.625| 0.0034 29.2
140000 |3186ED144U015AP 12.000 x 3.625| 0.0053 18.2 280000 |3186GE284U025DP |3.000 x 4.125| 0.0030 326
170000 | 3186EE174U015AP [2.000 x 4.125| 0.0047 20.3 320000 |3186GF324U025DP [3.000 x 4.625| 0.0027 35.7
200000 | 3186EF204U015AP |2.000 x 4.625| 0.0043 22.3 370000 |3186GG374U025DP|3.000 x 5.125] 0.0025 38.6
230000 |3186EG234U015AP |2.000 x 5.125| 0.0040 241 420000 |3186GH424U025DP |3.000 x 5.625( 0.0024 4.4
260000 | 3186EH264U015AP |2.000 x 5.625| 0.0038 25.7 700000 |3186GN704U025DP |3.000 x 8.625| 0.0019 45.0
140000 |3186FB144U015AP |2.500 x 2.625| 0.0062 172
190000 | 3186FC194U015AP | 2.500x 3.125| 0.0050 20.4
240000 |3186FD244U015AP |2.500 x 3.625| 0.0042 233 40.0 VDC Working 50.0 Surge
290000 | 3186FE294U015AP [2.500 x 4.125( 0.0038 26.0
340000 | 3186FF344U015AP |2.500 x 4.625 0.0034 28.4 Max. RMS
390000 |3186FG394U015DP |2.500 x 5.125( 0.0032 30.7 Maximum Ribple
440000 |3186FH444U015DP [2.500 x 5.625| 0.0030 32.7 Nominal Case ESR Current
gggggg g;ggggggzgglggg gggg x 3.125)  0.0033 280 Capacitance | Philips Components | Size Inch OHMS Amps at
000 x 3625 00029 31.9 F Part Number DxL  [120 Hz, 256|120 Hz, 85C
430000 |3186GE434U015DP {3.000 x 4.125| 0.0025 35.4 - ' '
500000 |3186GF504U015DP |3.000 x 4.625| 0.0023 38.6 x
580000 |3186GG584U015DP|3.000 x 5.125 0.0022 415 gggg g}gggé} §§3838ﬁ£ }g;g x g;ﬁg 88388 gg
650000 |3186GH654U015DP |3.000 x 5.625| 0.0021 442 20000 |3186BC203U040AP |1.375 x 3.125| 0.0239 6.4
1000000 (31860N105U015DP|3.000 x 3.625| 0.0018 45.0 25000 |3186BD253U040AP |1.375 x 3.625| 0.0200 75
. 31000 |3186BE313U040AP [1.375 x 4.125| 0.0174 8.5
25.0 VDC Working 30.0 Surge 36000 |3186BF363U040AP [1.375 x 4.625| 0.0157 9.4
41000 |3186BG413U040AP|1.375 x 5.125| 0.0144 10.2
Max. RMS 46000 |3186BH463U040AP |1.375 x 5.625| 0.0134 11.1
Maximum Ripple 22000 |3186DA223U040AP |1.750 x 2.125| 0.0172 76
Nominal Case ESR Current 27000 |3186DB273U040AP |1.750 x 2.625| 0.0147 89
Capacitance | Philips Components | Size Inch OHMS Amps at 36000 |3186DC363U040AP |1.750 x 3.125| 0.0116 10.7
uF Part Number DxL 120 Hz, 25C|120 Hz, 85C 45000 |3186DD453U040AP|1.750 x 3.625| 0.0097 124
55000 |3186DE553U040AP [1.750 x 4.125| 0.0085 13.9
20000 |3186BA203U025AP |1.375 x 2.125| 0.0350 4.6 64000 |{3186DF643U040AP |1.750 x 4.625| 0.0077 15.4
24000 |3186BB243U025AP [1.375 x 2.625( 0.0298 5.4 73000 |3186DG733U040AP|1.750 x 5.125| 0.0071 16.7
33000 |3186BC333U025AP [1.375 x 3.125| 0.0233 6.5 82000 |3186DH823U040AP|1.750 % 5.625| 0.0066 18.0
41000 |3186BD413U025AP (1.375 x 3.625| 0.0196 76 29000 |3186EA293U040AP |2.000 x 2.125{ 0.0196 78
49000 |3186BE493U025AP |1.375 x 4.125| 0.0171 8.5 35000 |3186EB353U040AP |2.000 x 2.625| 0.0167 9.1
57000 | 3186BF573U025AP {1.375 x 4.625| 0.0154 9.5 47000 | 3186EC473U040AP |2.000 x 3.125| 0.0131 10.9
66000 |3186BG663U025AP |1.375 x 5125 0.0141 10.3 59000 |3186ED593U040AP |2.000 x 3.625| 0.0110 126
74000 |3186BH743U025AP |1.375 x 5.625| 0.0132 1.2 71000 | 3186EE713U040AP |2.000 x 4.125| 0.0096 14.2
36000 |3186DA363U025AP |1.750 x 2.125| 0.0167 77 83000 | 3186EF833U040AP |2.000 x 4.625| 0.0086 15.7
44000 |3186DB443U025AP |1.750 x 2.625| 0.0143 9.0 95000 |3186EG953U040AP {2.000 x 5.125| 0.0079 171
58000 [3186DC583U025AP |1.750 x 3.125( 0.0113 10.8 100000 |3186EH104U040AP |2.000 x 5.625| 0.0074 18.4
73000 |{3186DD733U025AP |1.750 x 3.625| 0.0095 12.5 59000 |3186FB593U040AP |2.500 x 2.625| 0.0119 12.4
88000 |3186DEB83U025AP {1.750 x 4.125| 0.0083 14.1 79000 |3186FC793U040AP | 2.500% 3125 0.0093 149
100000 |3186DF104U025AP |1.750 x 4.625| 0.0075 15.5 99000 | 3186FD9I93U040AP [2.500 x 3.625| 0.0078 17.1
110000 |3186DG114U025AP |1.750 x 5.125| 0.0069 16.9 110000 | 3186FE114U040AP |2.500 % 4.125| 0.0069 19.2
130000 |3186DH134U025AP|1.750 x 5.625| 0.0065 18.2 130000 | 3186FF134U040AP |2.500 x 4.625| 0.0062 21.2
47000 |3186EA473U025AP (2.000 x 2.125| 0.0107 10.5 150000 |3186FG154U040AP {2.500 x 5.125| 0.0056 23.1
57000 | 3186EB573U025AP [2.000 x 2.625| 0.0092 12.2 170000 |3186FH174U040AP |2.500 x 5.625| 0.0053 24.8
76000 |3186EC763U025AP (2.000 x 3.125| 0.0073 14.6 110000 |3186GC114U040AP|3.000 x 3.125 0.0053 221
95000 |3186ED953U025AP [2.000 x 3.625| 0.0061 16.9 140000 |3186GD144U040AP |3.000 x 3.625| 0.0045 25.4
110000 | 3186EE114U025AP |2.000 x 4.125| 0.0054 18.9 170000 |3186GE174U040AP |3.000 x 4.125| 0.0039 28.4
130000 | 3186EF134U025AP |2.000 x 4.625( 0.0049 20.8 200000 |3186GF204U040DP |3.000 x 4.625( 0.0035 31.2
150000 (3186EG154U025AP |2.000 x 5.125| 0.0045 22.5 230000 |3186GG234U040DP{3.000 x 5125 0.0033 339
170000 |3186EH174U025AP |2.000 x 5.625| 0.0043 24.2 260000 |3186GH264U040DP|3.000 x 5.625 0.0031 36.3
95000 |3186FBI53U025AP |2.500 x 2.625| 0.0075 15.6 430000 |3186GN434U040DP|3.000 x 8.625| 0.0025 45.0
120000 |3186FC124U025AP {2.500 x 3.125| 0.0060 18.6
Philips Components 6071 St. Andrews Road, Columbia, SC 29212-3198 (803) 772-2500 FAX: (803) 772-2445 13



Aluminum Electrolytic Capacitors

Series 3186

50.0 VDC Working 65.0 Surge

Max. RMS
Maximum Ripple
Nominal Case ESR Current
Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C
9900 |3186BA992U050AP |1.375 x 2.125| 0.0365 45
11000 |3186BB113U050AP |1.375 x 2.625| 0.0312 5.2
15000 |3186BC153U050AP {1.375 x 3.125| 0.0244 6.4
19000 |3186BD193U0S0AP (1.375 x 3.625| 0.0204 74
23000 |3186BE233U050AP |1.375 x 4.125| 0.0177 8.4
27000 |3186BF273U050AP |1.375 x 4.625| 0.0159 9.3
31000 |3186BG313U050AP |1.375 x 5.125| 0.0146 10.2
35000 |3186BH353U050AP {1.375 x 5.625| 0.0136 11.0
17000 |3186DA173U050AP |1.750 x 2.125| 0.0176 75
21000 |3186DB213U050AP |1.750 x 2.625| 0.0150 8.8
28000 |3186DC283U050AP [1.750 x 3.125| 0.0118 10.6
35000 |3186DD353U050AP [1.750 x 3.625| 0.0099 12.3
42000 |3186DE423U050AP [1.750 x 4.125| 0.0086 13.8
49000 |3186DF493U0S0AP [1.750 x 4.625| 0.0078 15.3
56000 [3186DG563U05APP|1.750 x 5.125| 0.0072 16.6
63000 |3186DH633U050AP|1.750 x 5.625| 0.0067 17.9
22000 |3186EA223U0S0AP (2.000 x 2.125| 0.0199 77
27000 |3186EB273U050AP (2.000 x 2.625| 0.0169 9.0
36000 | 3186EC363U050AP [2.000 x 3.125| 0.0133 10.8
45000 |3186ED453U050AP [2.000 x 3.625| 0.0111 12.5
54000 | 3186EE543U050AP |2.000 x 4.125| 0.0097 141
64000 | 3186EF643U050AP |2.000 x 4.625| 0.0087 15.6
73000 |3186EG733U050AP (2.000 x 5.125| 0.0080 17.0
82000 |3186EH823U0S0AP [2.000 x 5.625| 0.0075 18.3
45000 |3186FB453U050AP |2.500 x 2.625| 0.0121 12.3
61000 |3186FC613U050AP |2.500 x 3.125| 0.0094 14.8
76000 |3186FD763U050AP |2.500 x 3.625| 0.0079 17.0
91000 | 3186FE913UO50AP {2.500 x 4.125| 0.0069 19.1
100000 | 3186FF104U050AP |2.500 x 4.625 0.0062 211
120000 |3186FG124U050AP [2.500 x 5.125| 0.0057 23.0
130000 | 3186FH134U050AP {2.500 x 5.625| 0.0053 24.7
90000 |{3186GCI03U050AP |3.000 x 3.125| 0.0076 18.6
110000 |3186GD114U050AP {3.000 x 3.625| 0.0064 21.4
130000 |3186GE134U050AP |3.000 x 4.125| 0.0055 24.0
150000 |3186GF154U050AP |3.000 x 4.625| 0.0050 26.4
180000 |3186GG184U050AP|3.000 x 5.125( 0.0046 28.7
200000 |3186GH204U050DP|3.000 x 5.625 0.0042 30.8
330000 (3186GN334U050DP{3.000 x 8.625| 0.0033 414
63.0 VDC Working 85.0 Surge
Max. RMS
Maximum Ripple
Nominal Case ESR Current
Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C|120 Hz, 85C
6800 |3186BA682U063AP [1.375 x 2.125| 0.0376 44
8200 |3186BB822U063AP [1.375 x 2.625| 0.0320 5.2
10000 |3186BC103U063AP |1.375 x 3.125| 0.0252 6.3
13000 |3186BD133U063AP{1.375 x 3.625| 0.0210 73
16000 | 3186BE163U063AP |1.375 x 4.125| 0.0182 83
19000 | 3186BF193U063AP {1.375 x 4.625| 0.0163 9.2
21000 |3186BG213U063AP|1.375 x 5.125| 0.0150 10.0
24000 |3186BH243U063AP|1.375 x 5.625| 0.0139 10.8
12000 |[3186DA123U063AP {1.750 x 2.125| 0.0528 43
14000 |3186DB143U063AP |1.750 x 2.625| 0.0448 5.1
19000 |3186DC193U063AP|1.750 x 3.125| 0.0346 6.2
24000 |3186DD243U063AP|1.750 x 3.625| 0.0286 72
29000 |{3186DE293U063AP |1.750 x 4.125| 0.0247 8.2
14

63.0 VDC Working 85.0 Surge (continued)

Max. RMS
Maximum Ripple
Nominal Case ESR Current
Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C {120 Hz, 85C
34000 |3186DF343U063AP [1.750 x 4.625| 0.0219 9.1
39000 |3186DG393U063AP|1.750 x 5.125| 0.0199 10.0
43000 |3186DH433U063AP [1.750 x 5.625| 0.0183 10.8
15000 | 3186EA153U063AP |2.000 x 2.125( 0.0204 76
18000 | 3186EB183U063AP |2.000 x 2.625| 0.0174 8.9
25000 | 3186EC253U063AP {2.000 x 3.125| 0.0136 10.7
31000 | 3186ED313U063AP (2.000 x 3.625| 0.0114 12.4
37000 | 3186EE373U063AP |2.000 x 4.125| 0.0099 139
44000 | 3186EF443U063AP {2.000 x 4.625| 0.0089 15.4
50000 |3186EG503U063AP |2.000 x 5.125| 0.0082 16.8
56000 |3186EH563U063AP {2.000 x 5.625| 0.0076 18.1
27000 | 3186FB273U063AP |2.500 x 2.625| 0.0231 8.9
37000 |3186FC373U063AP | 2.500x 3.125| 0.0179 10.7
46000 |3186FD463U063AP |2.500 x 3.625| 0.0149 12.4
55000 | 3186FE553U063AP [2.500 x 4.125| 0.0129 14.0
64000 | 3186FF643U063AP {2.500 x 4.625| 0.0114 15.6
74000 | 3186FG743U063AP [2.500 x 5.125| 0.0104 17.0
83000 |3186FH833U063AP {2.500 x 5.625| 0.0096 18.4
54000 |3186GC543U063AP [3.000 x 3.125| 0.0119 14.8
68000 |3186GD683U06G3AP |3.000 x 3.625| 0.0099 171
82000 |3186GE823U063AP {3.000 x 4.125| 0.0086 19.2
95000 |3186GF953U063AP |3.000 x 4.625| 0.0077 21.2
100000 |3186GG104U063AP{3.000 x 5.125| 0.0070 23.1
120000 |3186GH124U063AP |3.000 x 5.625| 0.0065 25.0
200000 |3186GN204U063DP|(3.000 x 8.625| 0.0049 34.0
75.0 VDC Working 95.0 Surge
Max. RMS
Maximum Ripple
Nominal Case ESR Current
Capacitance | Philips Components | Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C {120 Hz, 85C
5300 |3186BA532U075AP |1.375 x 2.125| 0.0454 40
6400 |3186BB642U075AP (1.375 x 2.625| 0.0385 47
8500 |3186BC852U075AP |1.375 x 3.125| 0.0299 58
10000 |3186BD103UQ75AP{1.375 x 3.625| 0.0250 6.7
12000 |3186BE123U075AP |1.375 x 4.125| 0.0216 76
14000 |3186BF143U075AP |1.375 x 4.625| 0.0192 8.5
17000 |3186BG173U075AP (1.375 x 5.125{ 0.0174 9.3
19000 |3186BH193U075AP |1.375 x 5.625| 0.0161 10.1
9400 |3186DA942U075AP |1.750 x 2.125| 0.0647 3.9
11000 |3186DB113U075AP [1.750 x 2.625| 0.0547 46
15000 |3186DC153U075AP |1.750 x 3.125| 0.0420 5.6
18000 |3186DD183U075AP {1.750 x 3.625| 0.0346 6.5
22000 |3186DE223U075AP |1.750 x 4.125| 0.0297 75
26000 |3186DF263UQ75AP [1.750 x 4.625| 0.0262 8.3
30000 |3186DG303U075AP (1.750 x 5.125| 0.0236 92
34000 |3186DH343U075AP|1.750 x 5.625| 0.0216 10.0
12000 |3186EA123U075AP (2.000 x 2.125| 0.0247 6.9
14000 |3186EB143U075AP |2.000 x 2.625| 0.0210 8.1
19000 |3186EC193U075AP (2.000 x 3.125 0.0163 9.8
24000 |3186ED243U075AP [2.000 x 3.625| 0.0135 114
29000 | 3186EE293U075AP {2.000 x 4.125| 0.0117 12.9
34000 | 3186EF343U075AP [2.000 x 4.625| 0.0104 14.3
39000 |3186EG393U075AP [2.000 x 5.125| 0.0095 15.6
44000 |3186EH443U075AP |2.000 x 5.625| 0.0088 16.9
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Aluminum Electrolytic Capacitors

Series 3186
75.0 VDC Working 95.0 Surge (continued) 150.0 VDC Working 175.0 Surge
Max. RMS Max. RMS
Maximum Ripple Maximum Ripple
Nominal Case ESR Current Nominal Case ESR Current
Capacitance | Philips Components |  Size  Inch OHMS Amps at Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C {120 Hz, 85C uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C
21000 |3186FB213U075AP [2.500 x 2.625| 0.0277 8.1 1600 | 3186BA162T150AP [1.375 x 2.125| 0.0732 3.2
28000 |3186FC283U075AP {2.500 x 3.125| 0.0214 9.8 1900 | 3186BB192T150AP |1.375 x 2.625| 0.0618 37
35000 |3186FD353U075AP |2.500 x 3.625| 0.0176 1.4 2600 |3186BC262T150AP [1.375 x 3.125| 0.0470 46
42000 | 3186FE423U075AP {2.500 x 4.125| 0.0152 12.9 3200 |3186BD322T150AP |1.375 x 3.625| 0.0387 54
50000 | 3186FF503U075AP (2.500 x 4.625| 0.0134 14.4 3900 | 3186BE392T150AP [1.375 x 4.125| 0.0329 6.2
57000 |3186FG573U075AP [2.500 x 5.125| 0.0121 15.7 4500 | 3186BF452T150AP {1.375 x 4.625| 0.0290 6.9
64000 | 3186FH643U075AP (2.500 x 5.625| 0.0111 171 5200 |3186BG522T150AP |1.375 x 5.125{ 0.0259 76
42000 |3186GC423U075AP {3.000 x 3.125{ 0.0142 13.6 5900 |3186BH592T150AP (1.375 x 5.625| 0.0236 8.3
52000 |3186GD523U075AP (3.000 x 3.625| 0.0117 15.7 2900 | 3186DA292T150AP |1.750 x 2.125] 0.0755 36
63000 |3186GE633U075AP |3.000 x 4.125| 0.0101 17.7 3500 |3186DB352T150AP |1.750 x 2.625| 0.0635 4.3
73000 |3186GF733U075AP |3.000 x 4.625| 0.0090 19.7 4600 | 3186DC462T150AP [1.750 x 3.125| 0.0488 52
84000 |3186GG843U075AP [3.000 x 5.125| 0.0081 21.5 5800 |{3186DD582T150AP [1.750 x 3.625| 0.0400 6.1
95000 |3186GH953U075AP [3.000 x 5.625 0.0075 23.2 7000 | 3186DE702T150AP [1.750 x 4.125| 0.0341 7.0
150000 |3186GN154U075DP|3.000 x 8.625| 0.0056 32.1 8100 | 3186DF812T150AP [1.750 x 4.625 0.0300 78
N 9300 |3186DGI32T150AP |1.750 x 5.125| 0.0135 12.1
100.0 VDC Working 125.0 Surge 10000 |3186DH103T150AP [1.750 x 5.625| 0.0125 131
3700 | 3186EA372T150AP |2.000 x 2.125| 0.0846 3.7
Max. RMS 4500 | 3186EB452T150AP [2.000 x 2.625| 0.0711 44
Maximum |  Ripple 6000 | 3186EC602T150AP [2.000 x 3.125| 0.0545 53
Nominal Case | ESR Current 7500 | 3186ED752T150AP |2.000 x 3.625| 0.0446 6.3
Capacitance | Philips Components | Size  Inch OHMS Amps at 9000 | 3186EE902T150AP 12.000 x 4125 0.0164 10.8
uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C 10000 | 3186EF103T150AP |2.000 x 4.625| 0.0147 12.0
12000 |3186EG123T150AP [2.000 x 5.125| 0.0130 13.3
2700 |3186BA272U100AP [1.375 x 2.125| 0.0650 3.3 13000 | 3186EH133T150AP |2.000 x 5.625| 0.0120 14.4
3300 |3186BB332U100AP [1.375 x 2.625| 0.0545 4.0 7500 | 3186FB752T150AP (2.500 x 2.625| 0.0330 7.4
4400 |3186BC442U100AP |1.375 x 3.125| 0.0419 49 10000 | 3186FC103T150AP {2.500 x 3.125| 0.0254 9.0
5500 [3186BD552U100AP [1.375 x 3.625( 0.0344 5.7 12000 | 3186FD123T150AP {2,500 x 3.625| 0.0209 10.5
6600 | 3186BE662UT00AP [1.375 x 4.125! 0.0294 6.5 15000 | 3186FE153T150AP |2.500 x 4.125( 0.0178 11.9
7700 | 3186BF772U100AP {1.375 x 4.625| 0.0260 7.3 17000 | 3186FF173T150AP [2.500 x 4625| 0.0158 13.3
8800 |31868G882U100AP [1.375 x 5.125| 0.0234 8.0 20000 | 3186FG203T150AP |2.500 x 5.125| 0.0141 14.6
9900 |3186BHI92U100AP |1.375 x 5.625( 0.0214 8.7 22000 |3186FH223T150AP [2.500 x 5.625| 0.0130 15.8
4900 |3186DA492U100AP [1.750 x 2.125| 0.0709 3.7 14000 |3186GC143T150AP [3.000 x 3.125| 0.0311 9.2
5900 |3186DB592U100AP |[1.750 x 2.625| 0.0598 4.4 18000 |3186GD183T150AP (3.000 x 3.625| 0.0254 10.7
7800 |{3186DC782U100AP [1.750 x 3.125| 0.0460 5.4 22000 | 3186GE223T150AP {3.000 x 4.125| 0.0216 121
9800 |3186DD982U100AP [1.750 x 3.625( 0.0377 6.3 26000 | 3186GF263T150AP [3.000 x 4.625| 0.0189 13.5
11000 |3186DE113U100AP [1.750 x 4.125| 0.0325 71 29000 |3186GG293T150AP |3.000 x 5.125| 0.0170 14.8
13000 |3186DF133U100AP [1.750 x 4.625| 0.0285 8.0 33000 |3186GH333T150AP |3.000 x 5.625| 0.0155 16.1
15000 |3186DG153U100AP |1.750 x 5.125| 0.0257 8.8 55000 |3186GN553T150AP |3.000 x 8.625{ 0.0109 229
17000 |3186DH173U100AP[1.750 x 5.625| 0.0234 9.6
6300 |3186EA632U100AP |2.000 x 2.125| 0.0809 3.8 .
7600 |3186EB762U100AP |2.000 x 2.625| 0.0682 45 200.0 VDC Working 250.0 Surge
10000 |3186EC103U100AP [2.000 x 3.125| 0.0523 55
12000 |3186ED123U100AP |2.000 x 3.625| 0.0430 6.4 Max. RMS
15000 | 3186EE153U100AP |2.000 x 4.125| 0.0366 7.3 Maximum Ripple
17000 | 3186EF173U100AP |2.000 x 4.625| 0.0323 8.1 Nominal Case ESR Current
20000 |3186EG203U100AP (2.000 x 5.125| 0.0119 139 Capacitance | Philips Components| Size Inch OHMS Amps at
22000 |3186EH223U100AP [2.000 x 5.625| 0.0110 15.1 uf Part Number DxL 120 Hz, 25C| 120 Hz, 85C
12000 |3186FB123U100AP (2.500 x 2.625| 0.0314 76
17000 |3186FC173U100AP (2.500 x 3.125| 0.0240 9.3 1000 |3186BA102T200AP |1.375 x 2.125| 0.1086 2.6
21000 |3186FD213U100AP |2.500 x 3.625 0.0198 10.8 1300 | 3186BB132T200AP |1.375 x 2.625| 0.0875 31
25000 | 3186FE253U100AP |2.500 x 4.125| 0.0170 12.2 1700 |3186BC172T200AP |1.375 x 3.125| 0.0672 3.8
29000 | 3186FF293U100AP {2.500 x 4.625| 0.0150 136 2100 |3186BD212T200AP |1.375 x 3.625| 0.0550 45
34000 |3186FG343U100AP [2.500 x 5.125| 0.0135 14.9 2600 | 3186BE262T200AP |1.375 x 4.125| 0.0459 5.2
38000 |3186FH383U100AP |2.500 x 5.625| 0.0123 16.2 3000 |3186BF302T200AP |1.375 x 4.625| 0.0403 5.8
25000 |3186GC253U100AP |3.000 x 3.125| 0.0160 12.8 3400 |3186BG342T200AP |1.375 x 5.125| 0.0360 6.5
31000 |3186GD313U100AP|3.000 x 3.625| 0.0132 14.8 3900 |3186BH392T200AP |1.375 x 5.625| 0.0324 71
37000 |3186GE373U100AP |3.000 x 4.125( 0.0113 16.7 1900 | 3186DA192T200AP |1.750 x 2.125| 0.0929 33
44000 |3186GF443U100AP [3.000 x 4.625| 0.0100 18.6 2300 |3186DB232T200AP [1.750 x 2.625| 0.0780 3.8
50000 |3186GG503U100AP|3.000 x 5.125| 0.0090 20.4 3000 |3186DC302T200AP |1.750 x 3.125| 0.0599 47
56000 |3186GH563U100AP|3.000 x 5.625| 0.0083 221 3800 |[3186DD382T200AP {1.750 x 3.625| 0.0487 5.5
94000 |3186GN943U100DP|3.000 x 8.625| 0.0060 30.8 4600 | 3186DE462T200AP |1.750 x 4.125| 0.0413 6.3
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Aluminum Electrolytic Capacitors
Series 3186

200.0 VDC Working 250.0 Surge (continued) 250.0 VDC Working 300.0 Surge (continued)

Max. RMS Max. RMS
Maximum Ripple Maximum Ripple
Nominal Case ESR Current Nominal Case ESR Current
Capacitance | Philips Components| Size Inch OHMS Amps at Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C|120 Hz, 85C uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C
5400 | 3186DF542T200AP |1.750 x 4.625| 0.0214 9.2 6000 | 3186FD602T250AP {2.500 x 3.625| 0.0264 9.3
6100 |3186DG612T200AP |1.750 x 5.125| 0.0192 10.2 7300 | 3186FE732T250AP {2.500 x 4.125| 0.0224 10.6
6900 |3186DH692T200AP [1.750 x 5.625| 0.0173 1.1 8500 | 3186FF852T250AP |2.500 x 4.625| 0.0196 119
2500 | 3186EA252T200AP [2.000 x 2.125| 0.0977 35 9700 | 3186FG972T250AP |2.500 x 5.125| 0.0176 13.1
3000 | 3186EB302T200AP [2.000 x 2.625| 0.0821 41 10000 | 3186FH103T250AP |2.500 x 5.625| 0.0163 141
4000 | 3186EC402T200AP |2.000 x 3.125 0.0628 5.0 7100 |3186GC712T250AP |3.000 x 3.125| 0.0357 8.6
5000 |3186ED502T200AP |2.000 x 3.625| 0.0258 8.2 8900 |3186GD892T250AP{3.000 x 3.625| 0.0291 10.0
6000 | 3186EE602T200AP [2.000 x 4.125| 0.0219 94 10000 | 3186GE103T250AP |3.000 x 4.125( 0.0250 11.3
7000 | 3186EF702T200AP |2.000 x 4.625| 0.0192 10.5 12000 | 3186GF123T250AP |3.000 x 4.625| 0.0218 12.6
8000 | 3186EG802T200AP |2.000 x 5.125| 0.0172 116 14000 |3186GG143T250AP (3.000 x 5.125| 0.0194 139
9000 | 3186EH902T200AP |2.000 x 5.625| 0.0156 12.6 16000 |3186GH163T250AP |3.000 x 5.625| 0.0176 15.1
5000 | 3186FB502T200AP {2.500 x 2.625| 0.0396 6.8 26000 |3186GN263T250AP |3.000 x 8.625| 0.0122 21.7
6700 | 3186FC672T200AP |2.500 x 3.125| 0.0303 8.3
8300 | 3186FD832T200AP |2.500 x 3.625| 0.0248 9.6
10000 | 3186FE103T200AP |2.500 x 4.125|  0.0211 1.0 300.0 VDC Working 350.0 Surge
11000 | 3186FF113T200AP |2.500 x 4.625| 0.0187 12.2
13000 | 3186FG133T200AP [2.500 x 5.125| 0.0167 13.4 Max. RMS
15000 | 3186FH153T200AP [2.500 x 5.625| 0.0151 146 Maximum |  Ripple
9800 |3186GCIB2T200AP |3.000 x 3.125| 0.0343 8.7 Nominal Case |  ESR Current
12000 | 3186GD123T200AP 13.000 x 3625/ 0.0281 102 Capacitance | Philips Components| Size Inch OHMS Amps at
14000 | 3186GE143T200AP {3.000 x 4.125| 0.0240 1.5 uF Part Number DxL 120 Hz, 25C {120 Hz, 85C
17000 |{3186GF173T200AP |3.000 x 4.625] 0.0209 12.9 ' ’
19000 |3186GG193T200AP{3.000 x 5.125| 0.0188 14.1 520 |3186BA521T300AP |1.375 x 2.125| 0.1197 25
22000 |3186GH223T200AP {3.000 x 5.625| 0.0170 154 630 |3186BB631T300AP |1.375 x 2.625| 0.0999 29
37000 |3186GN373T200AP (3.000 x 8.625| 0.0118 22.0 840 |3186BC841T300AP [1.375 x 3.125| 0.0759 36
1000 |3186BD102T300AP |1.375 x 3.625| 0.0633 42
. 1200 | 3186BE122T300AP [1.375 x 4.125| 0.0535 48
250.0 VDC Working 300.0 Surge 1400 | 3186BF142T300AP [1.375 x 4.625| 0.0466 5.4
1600 |3186BG162T300AP {1.375 x 5.125| 0.0414 6.0
Max. RMS 1800 |3186BH182T300AP [1.375 x 5.625| 0.0374 6.6
Maximum Ripple 930 |3186DA931T300AP {1.750 x 2.125{ 0.1013 31
Nominal Case ESR Current 1100 | 3186DB112T300AP|1.750 x 2.625| 0.0855 3.7
Capacitance | Philips Components| Size Inch OHMS Amps at 1400 | 3186DC142T300AP |1.750 x 3.125| 0.0662 45
uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C 1800 |3186DD182T300AP [1.750 x 3.625| 0.0534 5.3
2200 |3186DE222T300AP |1.750 x 4.125| 0.0451 6.0
790 | 3186BA791T250AP [1.375 x 2.125( 0.1158 2.5 2600 | 3186DF262T300AP [1.750 x 4.625| 0.0245 8.6
940 |3186BB941T250AP |1.375 x 2.625| 0.0976 3.0 2900 |3186DG292T300AP |1.750 x 5.125| 0.0221 95
1200 | 3186BC122T250AP {1.375 x 3.125| 0.0760 3.6 3300 |3186DH332T300AP |1.750 x 5.625| 0.0198 10.4
1500 |3186BD152T250AP |1.375 x 3.625| 0.0617 43 1200 | 3186EA122T300AP |2.000 x 2.125| 0.1045 34
1800 | 3186BE182T250AP |1.375 x 4.125| 0.0522 49 1400 | 3186EB142T300AP [2.000 x 2.625| 0.0885 39
2200 | 3186BF222T250AP |1.375 x 4.625| 0.0443 5.6 1900 | 3186EC192T300AP (2.000 x 3.125( 0.0672 48
2500 |3186BG252T250AP |1.375 x 5.125| 0.0396 6.2 2400 | 3186ED242T300AP [2.000 x 3.625| 0.0292 7.7
2800 |3186BH282T250AP |1.375 x 5.625| 0.0359 6.8 2900 | 3186EE292T300AP [2.000 x 4.125( 0.0247 8.8
1400 | 3186DA142T250AP |1.750 x 2.125| 0.0994 32 3300 | 3186EF332T300AP |2.000 x 4.625| 0.0218 99
1600 |3186DB162T250AP |[1.750 x 2.625| 0.0848 37 3800 | 3186EG382T300AP |2.000 x 5.125| 0.0194 109
2200 |3186DC222T250AP |1.750 x 3.125| 0.0641 45 4300 |3186EH432T300AP |2.000 x 5.625| 0.0175 1.9
2800 |3186DD282T250AP {1.750 x 3.625| 0.0519 5.3 2400 | 3186FB242T300AP {2,500 x 2.625| 0.0430 6.5
3300 |3186DE332T250AP {1.750 x 4.125| 0.0276 7.7 3200 | 3186FC322T300AP |2.500 x 3.125| 0.0329 79
3900 | 3186DF392T250AP |1.750 x 4.625| 0.0239 8.7 4000 |3186FD402T300AP |2.500 x 3.625| 0.0268 9.3
4500 |3186DG452T250AP |1.750 x 5.125| 0.0211 9.7 4800 | 3186FE482T300AP |2.500 x 4.125| 0.0228 10.5
5000 |3186DH502T250AP |1.750 x 5.625| 0.0192 10.6 5600 | 3186FF562T300AP |2.500 x 4.625| 0.0200 1.8
1800 | 3186EA182T250AP {2.000 x 2.125| 0.1031 34 6400 | 3186FG642T300AP [2.500 x 5.125| 0.0179 13.0
2100 | 3186EB212T250AP {2.000 x 2.625| 0.0872 40 7300 | 3186FH732T300AP |2.500 x 5.625| 0.0162 141
2900 |3186EC292T250AP |2.000 x 3.125 0.0661 49 4700 |3186GC472T300AP |3.000 x 3.125| 0.0361 85
3600 | 3186ED362T250AP [2.000 x 3.625| 0.0285 7.3 5900 |3186GD592T300AP|3.000 x 3.625| 0.0294 9.9
4300 | 3186EE432T250AP {2.000 x 4.125| 0.0242 8.9 7100 | 3186GE712T300AP |3.000 x 4.125| 0.0250 11.3
5100 | 3186EF512T250AP [2.000 x 4.625| 0.0210 10.0 8300 | 3186GF832T300AP |3.000 x 4.625| 0.0219 12.6
5800 | 3186EG582T250AP |2.000 x 5.125| 0.0188 11.1 9500 |3186GG952T300AP {3.000 x 5.125( 0.0196 13.8
6500 | 3186EH652T250AP [2.000 x 5.625 0.0171 121 10000 |3186GH103T300AP (3.000 x 5.625 0.0180 15.0
3600 | 3186FB362T250AP {2.500 x 2.625| 0.0423 6.6 14000 |3186GN143T300AP [3.000 x 8.625| 0.0143 20.0
4800 | 3186FC482T250AP {2.500 x 3.125| 0.0324 8.0
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Aluminum Electrolytic Capacitors

350.0 VDC Working 400.0 Surge

400.0 VDC Working 450.0 Surge (continued)

Series 3186

Max. RMS Max. RMS
Maximum Ripple Maximum Ripple
Nominal Case ESR Current Nominal Case ESR Current
Capacitance | Philips Components| Size Inch OHMS Amps at Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C
430 | 3186BA431T350AP |1.375 x 2.125| 0.2548 1.7 1500 |3186DE152T400AP [1.750 x 4.125{ 0.0653 50
510 |3186BB511T350AP |1.375 x 2.625| 0.2149 2.0 1700 | 3186DF172T400AP {1.750 x 4.625| 0.0577 5.6
680 |3186BC681T350AP |1.375 x 3.125| 0.1622 25 2000 |3186DG202T400AP |1.750 x 5.125| 0.0496 6.3
860 |3186BD861T350AP |1.375 x 3.625| 0.1295 29 2200 |3186DH222T400AP |1.750 x 5.625| 0.0453 6.9
1000 | 3186BE102T350AP |1.375 x 4.125| 0.1114 33 820 |3186EA821T400AP |2.000 x 2.125| 0.1616 27
1200 | 3186BF122T350AP |1.375 x 4.625| 0.0941 3.8 980 | 3186EB981T400AP |2.000 x 2.625| 0.1356 32
1300 |3186BG132T350AP |1.375 x 5125! 0.0865 42 1300 | 3186EC132T400AP {2.000 x 3.125| 0.0780 45
1500 |3186BH152T350AP [1.375 x 5.625| 0.0760 46 1600 | 3186ED162T400AP |2.000 % 3.625| 0.0636 52
760 |3186DA761T350AP [1.750 x 2.125| 0.1755 2.4 1900 | 3186EE192T400AP {2.000 x 4.125| 0.0539 6.0
920 |3186DB921T350AP |1.750 x 2.625| 0.1464 2.8 2300 | 3186EF232T400AP {2.000 x 4.625| 0.0453 6.8
1200 |3186DC122T350AP |1.750 x 3.125 0.1120 34 2600 | 3186EG262T400AP [2.000 x 5.125| 0.0404 76
1500 |3186DD152T350AP |1.750 x 3.625| 0.0906 4.0 2900 |3186EH292T400AP {2.000 x 5.625| 0.0365 8.3
1800 | 3186DE182T350AP |1.750 x 4.125| 0.0608 5.2 1300 | 3186FB132T400AP [2.500 x 2.625| 0.0939 44
2100 | 3186DF212T350AP [1.750 x 4.625| 0.0525 5.9 1800 | 3186FC182T400AP {2.500 x 3.125| 0.0692 55
2400 |3186DG242T350AP|1.750 x 5.125| 0.0463 6.5 2200 | 3186FD222T400AP |2.500 x 3.625| 0.0568 6.4
2700 |3186DH272T350AP |1.750 x 5.625| 0.0414 7.2 2700 | 3186FE272T400AP 2,500 x 4.125| 0.0471 73
990 | 3186EA991T350AP |2.000 x 2.125 0.1607 27 3100 | 3186FF312T400AP {2.500 x 4.625| 0.0412 8.2
1100 | 3186E8112T350AP |2.000 x 2.625| 0.1383 3.1 3600 |3186FG362T400AP |2.500 x 5.125| 0.0361 9.1
1500 | 3186EC152T350AP [2.000 x 3.125( 0.1041 39 4000 | 3186FH402T400AP {2.500 x 5.625| 0.0327 10.0
1900 | 3186ED192T350AP |2.000 x 3.625 0.0603 5.4 2600 |3186GC262T400AP |3.000 x 3.125| 0.0564 6.8
2300 | 3186EE232T350AP |2.000 x 4.125| 0.0504 6.2 3300 |3186GD332T400AP |3.000 x 3.625| 0.0454 8.0
2700 | 3186EF272T350AP [2.000 x 4.625| 0.0434 7.0 4000 |3186GE402T400AP {3.000 x 4.125| 0.0382 9.1
3100 | 3186EG312T350AP {2.000 x 5.125| 0.0382 7.8 4700 | 3186GF472T400AP |3.000 x 4.625| 0.0331 10.2
3500 |3186EH352T350AP |2.000 x 5.625| 0.0342 8.5 5300 |3186GG532T400AP |3.000 x 5.125| 0.0295 11.3
1600 | 3186FB162T350AP {2,500 x 2.625| 0.1411 36 6000 |3186GH602T400AP [3.000 x 5.625| 0.0265 12.3
2100 | 3186FC212T350AP |2.500 x 3.125| 0.0658 5.6 10000 |3186GN103T400AP {3.000 x 8.625| 0.0175 18.1
2700 |3186FD272T350AP [2.500 x 3.625| 0.0531 6.6
3200 | 3186FE322T350AP |2.500 x 4.125| 0.0450 75
3800 | 3186FF382T350AP |2.500 x 4.625| 0.0386 8.5 450.0 VDC WQrking 525.0 Surge
4300 |3186FG432T350AP [2.500 x 5.125| 0.0344 9.3
4900 | 3186FH492T350AP |2.500 x 5.625| 0.0307 10.3 Max. RMS
3200 |3186GC322T350AP [3.000 x 3.125| 0.0551 6.9 Maximum Ribple
4000 |3186GD402T350AP |3.000 x 3.625| 0.0447 8.1 Nominal Case ESR Current
4800 | 3186GE482T350AP |3.000 x 4.125|  0.0377 9.2 Capacitance | Philips Components| Size Inch OHMS Amps at
5600 |3186GF562T350AP |3.000 x 4.625| 0.0328 10.3 i Part Number DxL 120 Hz. 25C|120 Hz. 85C
6400 |3186GG642T350AP |3.000 x 5.125( 0.0291 11.3 ' '
7300 |3186GH732T350AP [3.000 x 5.625| 0.0261 12.4 250 | 3186BA251T450AP |1.375 x 2.125| 0.3946 1.4
12000 |3186GN123T350AP|3.000 x 8.625| 0.0173 18.2 300 |3186BB301T450AP |1.375 x 2.625| 0.3295 16
410 | 3186BC411T450AP | 1.375 x 3.125| 0.2427 20
. 510 |3186BD511T450AP [1.375 x 3.625| 0.1959 2.4
400.0 VDC Working 450.0 Surge 610 | 3186BE611T450AP [1.375 x 4.125| 0.1645 28
710 | 3186BF711T450AP (1.375 x 4.625 0.1420 31
Max. RMS 820 {3186BG821T450AP [1.375 x 5.125| 0.1238 35
Maximum Ripple 920 |3186BH921T450AP [1.375 x 5.625| 0.1109 38
Nominal Case ESR Current 460 |3186DA461T450AP |1.750 x 2.125| 0.2376 20
Capacitance | Philips Components{ Size Inch OHMS Amps at 550 |3186DB551T450AP |1.750 x 2.625| 0.1992 2.4
uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C 730 |3186DC731T450AP {1.750 x 3.125| 0.1510 3.0
920 |(3186DD921T450AP [1.750 x 3.625] 0.1210 35
350 |3186BA351T400AP |1.375 x 2.125| 0.2781 16 1100 | 3186DE112T450AP [1.750 x 4.125| 0.0904 43
420 | 3186BB421T400AP |1.375 x 2.625] 0.2324 19 1200 | 3186DF122T450AP {1.750 x 4.625| 0.0828 47
570 | 3186BC571T400AP |1.375 x 3.125| 0.1728 24 1400 |3186DG142T450AP |1.750 x 5.125| 0.0714 5.3
710 | 3186BD711T400AP |1.375 x 3.625] 0.1395 2.8 1600 |3186DH162T450AP |1.750 x 5.625| 0.0629 5.8
850 | 3186BE851T400AP {1.375 x 4.125; 0.1172 33 590 | 3186EA591T450AP (2.000 x 2.125| 0.2016 24
900 | 3186BFI01T400AP |1.375 x 4.625| 0.1097 35 710 | 3186EB711T450AP [2.000 x 2.625| 0.1685 28
1100 |3186BG112T400AP |1.375 x 5.125| 0.0914 41 950 | 3186EC951T450AP |2.000 x 3.125{ 0.1272 35
1200 {3186BH122T400AP [1.375 x 5.625| 0.0840 44 1100 | 3186ED112T450AP |2.000 x 3.625( 0.0919 44
630 | 3186DA631T400AP [1.750 x 2.125] 0.1815 2.3 1400 | 3186EE142T450AP [2.000 x 4.125] 0.0732 5.1
760 |3186DB761T400AP |1.750 x 2.625| 0.1515 2.8 1600 | 3186EF162T450AP |2.000 x 4.625| 0.0643 5.7
1000 |3186DC102T400AP |1.750 x 3.125| 0.1156 34 1900 | 3186EG192T450AP [2.000 x 5.125| 0.0548 6.5
1200 |3186DD122T400AP {1.750 x 3.625| 0.0956 39 2100 | 3186EH212T450AP |2.000 x 5.625| 0.0498 71
1200 | 3186FB122T450AP [2.500 x 2.625| 0.0940 44
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Aluminum Electrolytic Capacitors
Series 3186

450.0 VDC Working 525.0 Surge (continued)

Max. RMS
Maximum Ripple
Nominal Case ESR Current
Capacitance | Philips Components| Size Inch OHMS Amps at
uF Part Number DxL 120 Hz, 25C| 120 Hz, 85C
1600 | 3186FC162T450AP (2.500 x 3.125| 0.0711 5.4
2000 | 3186FD202T450AP |2.500 x 3.625| 0.0574 6.3
2400 | 3186FE242T450AP |12.500 x 4.125| 0.0483 72
2800 | 3186FF282T450AP [2.500 x 4.625| 0.0418 8.1
3200 |3186FG322T450AP |2.500 x 5.125| 0.0370 9.0
3600 |3186FH362T450AP |2.500 x 5.625| 0.0332 9.9
2300 |3186GC232T450AP |3.000 x 3.125| 0.0579 6.7
2900 |3186GD292T450AP [3.000 x 3.625| 0.0467 79
3500 |3186GE352T450AP |3.000 x 4.125| 0.0393 9.0
4100 | 3186GF412T450AP [3.000 x 4.625| 0.0341 10.1
4700 |3186GGA72T450AP |3.000 x 5.125] 0.0302 1.1
5300 |3186GH532T450AP |3.000 x 5.625| 0.0272 12.2
8800 |3186GN882T450AP {3.000 x 8.625| 0.0179 17.9
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Aluminum Electrolytic Capacitors

Description

Series 3188 Long-Life Aluminum Electrolytic Capacitors
are designed for those applications where a standard
computer-grade product must operate under enviromental
and operational stresses more severe than those normally
encountered. These units are constructed of the highest-
qua